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£ $°-S-*\, S.^}~ 

* ^-t- £ftb ^ g ^«fl^# S#*Hr afl^tf. 

£ El#-% ^Jfe A>ol^ ^tg S^o] 4-^>J7, -g-^ S.^o] o.^ 
£ 2 
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^^{LITHIUM-SULFUR BATTERY} 

£ l£r <a^^l ^*HH °<H^ ^ M-El-tfl^ ZLSflS. 

£ 2^ ^ -^AHl ^ tilJRQ)]^ « o V^ O.^ ^fla^ ^^1^ u o V 

^ M-El-vfl ziefl^. 

[^sl ^Ml*l ^] 

<3> [*V<$^ o]-g- -g-o>] 

<4> ^ ^^-^i, ^ ^M]^>7ll^ 4°lt ^ 
-f^tb #*H1 ^ 

<6> ^Cfl-g- #7>V 7l7l^ ^ofl 45} ol^V ^7>£)J1 

^ &Ur ^ ^lM^l ^^°] *)^^SL$. SL^JL SE^h & 

<7> Bl#-% Aj-g-S]^ 7>Hl7> ^>al ^T^S^ tl°l«j, °fl 

^S. ^f^H -g-^<Hl ^V-g-S]^ elfl-^ oi] M *l 3830mAh/golJl, <#q- 
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°\) ofl M *1 ^£^r 1675mAh/g-°S °flui*l D ^£7} ^ oflAV 

<8> ojeitb Q*)^ ^^"(Sulfur-Sulfur combination)^ 

% W#^g- ^r-S-syjl, <£?r^ ^ SE^ 5^1- 

<>l£r ^4? ol-g-S^ a vol ^ l-AVojoj oj^uj-^ 

^>-g-^ ol^> ^ «]:-g-Al(«v^Al) s-S *§o]x}#x] #3* 

^7> #^TS}JL, #3* «V-§-Al(^^^l) S^ *>5}-^7} & 7 \^X\ S-S tM 

% 7fl<l %(active sulfur)'^ ^ ^tr^K 

Brfe Ml" ^Ml ^cf(E. Levillain ^ J. Electroanal. Chem. 420(1997) 
167, J. Electroanal. Chem. 440(1997) 243). ^ajo.^ 3i 
cf-S- l^r £4. 

<io> 1] 
<n> xLi + S *-»Li x S 

<12> ^ MH^i ^ e|# «>-g-*H 3* >£sHh. a 

°H. D r*m #3]^ Li 2 S°m. S 8 °l Li 2 S*W S-^a^nfldooa 
ol-g--i-(utilization)) -g-^ 1675mAh/g-2.S. <Hi=. 3}tH§%5LnJ- ^ oflu^] 
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1020010030878 %^ «}*]-: 2001/9/14 

<13> ^*HH tf^te %1-^ < ?I *# %°1 H.-T" €*fl^Ml -8-*H« 

#3)3. ^(one phase positive electrode))^ %-g- 3. 

#(^-¥- #^)4 ^ #o.3 ^^01^- ^ SltKul^ 

^ *fl 6,030,720 51). nsK o] 7}z] ^ o]n^ v]*}^ 

^« ^£ 5tUl, il^ ^#s] ^ #bJ)sL #^1- ^ 91^(5- 1 JE 
1<>IM, ^ ^ ^§>7> <a<HM-^ ^#^> 

^fl^Rr ^^HJI, ^^(plateau)^r <3}#*}- -H#o] f-^j ^fl^Kr 

<14> ^oZf^O.^, ^ O]^ £xj ^4 Cl- 

€■ #^ £*HH uL#^ 3. #Bfl7> ul*f| # iE^r 

¥ 3^-3. ^^§>7fl ^cf. nfreH, °o^^H 5^ *r5L 

£U, ^Sfl^ofl -g-SflSl^ ol^ ^SL &tj.. 

-g-ofl $-oJ$- + ^-BflS. °l^-3, €^17> 

, £^ i-ll^as] X^l %o] ^^( P recipitation)il<H( 0 lel^b 
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1020010030878 2001/9/14 
S^ofl ^°1 °)&°] 4*1 ^£]7l ^#4^ 

<16> olEi*V &*113* *8*1*H. -f^rtr *HS*} 

7} ASM, *)l<>r€ ^ ##^5-^ -fr7l % s|-^-§-(oranosulfur compound)(De 
jonghe ^ 4^- s.^ 4,833,048 3L ^ *ll 4,917,974 Ji, Visco 4^ 
^-^ *)1 5,162,175 Jl ^ Oyama ^4 DMcT-PAn(2, 5-^^^-1,3, 4-4 44o>^4 
#^6]-^^) (Nature, 373, 598-600, 1995)4 ^#(^1^- ^ 

5,441,831 Jl, ^11 5,460,905 3L, Skotheim ^4 4^" ^-4 *f| 5,601,947 31, *ll 
5,609,720 Jl)°1 $14. ^-44 -n-7l -g-^o] ^-ji, ^0^4 

#£7> -Bl ^o] 500.4, hJ4i-% 2}-^-l-5L o]s -g-^o] ujj7 ^ojj $i 

4*1 ^^5^ #^ ^S7> <Q4 ^ 014. 

<it> 444 -g-^o] ^-g- Q± ^(elemental sulfur, S 8 )# ##^5. °l-g- 

44 41* A]£7> &$4. %4 ^ ol €■ -g-^4 4^ ^JL ^ ^Bflo] 

71 ^ofl ^ ^£4 -g-^ ^r&^r 4^ ^ &4 ^43 

^ -§-^4 i£# ^ &4. #£^4 

#4 Al^Eflo. ^ M.is) *\) 5> 523,179 Jl<H1 %ol^ ;fl^ s 71^44 & 

4. ol J^H^ ^ 4#-% #44 ^ %#:g3.4 01^301 444 

AVSJ. ^Efl 7 |. ^-7l%(S 8 )^ X]$i5}Jl &4. 

<is> ole^tr 4-§-tr ^-f^S, # tt o v 3i 4*3 ^°114 %4 

4 
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^1 ^ 9-147868 31(1997. 6. 6.)°fl^^ ^ ^-fr* ^>-g-*>5l^l, *1 

^ *fl 5,919,587 S^H^r cf^o] ±rji y m o.^ 3 n}>fl ^ (highly 

porous, fibrous and ultra fine sponge like) ^Sir ^lH-b tt^ 

4°11 ^^^(embed), o)s. S s ^ 

B] (encapsulate)^ 71^- 1>^°1 7]<#sH 014. 5E*r, W0 99/33131 
^&)7h ^n]^ a>S]-#4 Qo] #^^sj-ol^ofl cfltr v) 
^*}% WO 99/33125 S.^ v)M}7}^- ^}-&^Mo] e ^ 

(micorporous pseudo-boehmite layer) ^l^^ a) B] 3. <#^g- 
(encapsulation) -g-sfl^ ^-t>* ^l^Kr ^ , 5E^ W0 

99/33127 S.^ 4^- ^ 3E^Kr ^^1^ #e]^# °l-g-s}^ 

<H &t}-. neiM- o^tr « 0 >^^ <£q- ^ 37r*fl«r 

^0.3.*) 1^-^ 0.3 oflui^l s)^- ^ 

<i9> ^. g.^* «n^*>7i ^tr ^^-s.^, ^ ^^a- °<j= 

S.^ *H ^ ^M3°l -f^* el#-% *fl^*Rr 
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<20> £ K^-ir ^ i^Rr 

<2i> av 7 ) ^^}7l ^*H, ^ i^-*Rr 

3# S^Kr ^ #*fl^# Sf-*Rr 

<22> ol5> £ o. Aj-^]^7fl 

^*fl°> ^7>^ o}^o] ^-^1 ^ ^ofl o)^ E 

^i^fl( ionic conductor)^}- ^7l^ ^ (electronic conductor )7> ^A5>cf(ul^- 
^ 4 5,523,179 JL ^ 5,814,420 %2l) 
<24> SEtb ^S.^ M 5 ! ^ ^lM" ^# °l£r 

oj:^.^ ^-e) ^«fl^cHl -§-*)]€ ^l^fl o}^. 

^ ^7]- 7J5.71- ^£]tt o^Cf. 7fl^*>7l ^oflA^ 

##^^1 «^ ^(active sulfur)^ #7l^4)-3 71^3-* 



25-9 
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<25> £ #*HH <£^\$.3.fe ^7l^j ^ o}£- t45_ ^S. 

^r-S- ^1 2)n *fl$J*lfe ^±91 #^ a>o]^7> 20^i o] 

^ *}°)2L7\ 20[M ill} # ^-Mtt ^B^SMJEL _g_oflcq o_^ o] _g_ 

0 )^7^, ^^0.3.^- ^71^^ OLS tij^o] -a-^ol s$ 7 ] 

Tfl 3^ -g-fM o]^ ^JE ^ #7] ^£7> ^^14^ 

<26> £*HH, ^ »>tlc| ^ 

s^Kr iMa, ^sfiiH f-^sn sa^. ^-71 ti><ycis. <y*n 

£^7fl^ o}7+7> AisL ZL#^ ##§1 g^M #^ 
^2:1- -R-^l^Cf. lE^T, «>-§- ^ofl ^ %oj ^S)^ 

°1 M^SMH. -g-ojjol afl^ 71^4-, ^ofl ^TflS}^ 7)^-8: 2.-T- 3L#*M 

, #^ ^"71 71^ ^2 xflofl ulSfl SEfe ^ 7>*1 #3) 

25-10 
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<27> ^. i£tg ^ ol Ei ^Ejofl 4^ ^ ^ ?1 ^ A>o]^$ £i=- o} -g- 

3Hr4. *fl*f| #7fl*Rr ^#-#51^^01 = ^ 3-30M[S] ^S. 

[S]?h %°1 S x 2 -(x^ 1 ifl*l 8^1 -§-*flSM ^7fl*Kr ^-§T S.^ 

^SLsL 7\}&& ^tb^. ^^sr>^, 1 M S 6 2 " ^ % ^ 

[S]^ 6 M°l ^4. €^ o)]M^l ^ol7l ^*flAi^ ji 

^r£L(7M[S] ^2l^ir}o]^.c] ^ 7l ] 7 > l:7|-2l ^ , o]ej jh^o] ^jo 

#^^r -fr*H ^«MM it^Rr tflS. 71^- Aj-o| S 7} ^ 0 >^^ ZL -g-*) 
Ol ^Sj-SlJl tt}-2}-Ai ^Vs}-^ ^T-S-^ SP^Hl ^ ^fl^ #^ A>o]Eol]Al 

^ 5fe ^l^l #<H^ JL^* ^th ^ 7l^ A>o]^ 7 > 3)"*^ %^ 
A>olE^ - 7H1 ^ o] -§--§- #7><4 JL^- ^ ^^H^ o.^. 

^ ^ 7flAj* 7lrfl^- ^ fltK 

<28> «]--§- S.3*M ^7>5l <£=-g- afl^Kr ^Cf. 

<29> 1) n]Afl <£^. A >-g- 

<30> £^7fl £ H>Old» -B-71 -g-nfl >«HM £^BH ^ 
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1020010030878 t% ^7.}: 2001/9/14 

%(S 8 )7> A}-§-5L]jI olcf. o] ^dt%-gr ^lsK^oj AV^^ttl-o. -ofl #5^5} 

^ <#^1 7}^- ^2:(pore structure)!- *lM*r7] ^«fl^^ 

sgS °J£7> ^ Q± %(S 8 ) 4isH^ °l»fl, ^ % 

^5" 20//m, ti]-HJ-3i£>7fli- \o m o]-s} t 7 R> w]-^^-^ 5 

<31> ^-71 5L^7.fl2} tflS^<y 7>^- 1-^, oHm^l « 1"^ SE^ 

^(^^: Kynar), #21(^1 *}3.W°)g.) , ^Eflm^-^i^lM, #3 

^^#^r <>1^ 7>^tb 11^1 £^7fl^ <3«-51 

<33> ^7l -3-71 -§-^5.^- Wj-^C] * £^7fl# ^«a*V7ll ^Al^ 
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EflE^ol^s^^, o^as^M* s. ^ 

<34> Aj- 7 j ^ ^eMH, ^ 60 ifl^) 90 #^%, «> 

<35> Q± %(S 8 ) S^SRr ^ °.sLtt Aj-^*V tifSf ^o], ^^Hr 

^ % £lM: *1"§-*H , °1 ^ * £"1M: ^l^Al Aj-g-S]^ o.7l 

51 #7]1 3]?i(ti>S^i)^ ^oflA-l ^fl*}^ Q± % 3711- ^>7l 

M- SEtt *}*1# «o V # ^£7> ^Aj-O] cJ^Aj- cg^oflA^ Sflafl^JI oj^g. ^ 

-g-^iK^l -li-AjoflTg.)^. ^o]Ui\o] ^ m.^a^o]b.Wt ^M\H ^ ^ 

*fl^Kr 71^ A>ol^ # ^n]*^. ^"#*!- ^^^1^, 5L 1^1 M-Ej-vfl ^4 

*<>1, *1*HI ^ 7 ^is}^ <3<*^ ^*H, 31^-4 oflAj-o] ^ *^|« 

AliH n}e}. ^-y-o] 3§^-w.( plate au)7> ^\±t±. 

<36> Aj-7] o^q. ^o.^ ^a]^ ^Sflofl 3 ^sH °<HM: 

<37> o^a], Aj- 7l oj^g. oi^oj ^ h d v^ ^lStb € 

^*Rr #t!HH [S] ^51^ ^el^sj-oi^ -§-o« o. ^ 7>s ^ 7> 

^ ^5L 9X^. <>1 -^^aM-EL -§-°Jj^ 71*0 *$M4M Li 2 S -g-Sl Elf- 

% ^#21- ^ Cl^l^^Hm f-o] -g-nHoflA^ 
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<38> £E^r, #7l <#=t *M, «><?lr:i £ £^^fl» i#*Hr 7\ 

±*\)9 ^S. #7l 7>4i*l|3.fe- tq«-^^^-Eflo]E ( r]u\}^_^ 

v]d\}^ stsflojE , ms|^s-Al6fl^ i^sflol e (trishutoxyethyl 
phosphate), 7fcSLi4HS, ^IM 7>Jii4|o]H f me^lii ^3^33-3- 

(trimethyl trimel 1 itata)« *V-§-^: ^ , 7>4i^]^ ^7>^ <£^. 

^*££>] 2 ifl*l 70 f^%7> «>^-3)2T>Cl-. 7>^7fl^ ^7}^o] 2 ^W&Lcf 7$ 
-foflTT 7>4i^l# 3 7>*}^ SL^l-7> M-Efu}-^ 70 3^}^ Tj-Oofl^ 

711 7f^l# V}^ $7}*}^, O] #S]S] ^ 

#*Hr 7>^^)]» ^tb^. 7}i*fl ^-^^ tfls^oi 

vflfe fltj-. olnfl, 7>4i^l7> aflTjS)^, 7l*o] o)^ 

7}^)W: ^]-8-*»fl Sl^, 3*1 ^2: ^ # ^ ^ 

£7} ^ ^7l# ^ ojcf. • 

<39> 2) €i ^>-§-^>7l &JL 71^-i; ^ ^ 

# S^*H 4^ o) ^&Sr ol-g-^H -f-^ 3*1» 3, 

#71 [S] ^£31 #5]^^o]c -g-ofl^- ^7>«" ^ £ Sat|-. ol 
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(trishutoxyethyl phosphate), ^KSi^H ^ , ofl^^i ?>jit1lo]E > e^ofl 

*S SEl^e)^ (trimethyl trimel 1 itata)» *}-§-^ ^ &tf. 7>^^ll- 

<4i> oj ^^*> 5L^fl(?f£- sfe ^ ^^4, ^€ *fl 

jL-f-o] ^-Aj-ol f;}^ 3^*}" 

i^cf. 5|lols)( carbon paper)^ 7]^- A>ol2, 7 > 3J-g- ^^s> 

<42> £ ^Oll^i ^ 7]^ A>o]^^ O]^- ^ Sg- A>olJEl- ^l^Kr # 

4i# 2) v] *f -& °l ^7l# ^-^Rr y o V ^^ 10S) ti}^-^ ^« 0 >^o)l 

<q*fl n ^^o] ^^-Sj^l ^(fresh) ZL « 0 >^ ^£7} # 

^^HH «th * ^ ^-o. 3^ ^(efl ^pfljL 

AHm)5. ^#*fl\H ^ 7l^ 3.7]% 2\v}*}7]^, % 

^ *fl^H*r ?1^ 0 >14 #S)^B}-ol£L -g-oflo) ^<$S\7] 3^ ^TflS] <#^- ifl 
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£r A>o]^7> «>7)lfe 20^ °}?>}, t3f^-^s|-7fl^ 10/zm o]^, b| 

<43> ^2)- #*]o\]*\ -g-^-0. S ^ e)# 

<44> #7l E]# o]^-§- 7}<*^.°j2. ?lB^5flol^^- ^ ol^ #^5L^r #^ 

<45> Htb, l^^r C]^- i^>^, o) SE^r 

oim, #^8r #e]^ o.^ ^-e]*Rr 71^-i: ^ #5^*1 ^-h]^- 

ol-§-*l7l7l o}^. ufl^o^ 7]^ 3J°-3*1, #7] s}-^- 0 -^ ^ ^ 

25-16 



1020010030878 #^ ^*}: 2001/9/14 

*H (glass electrolyte), -HL^-*} S^b *fla)-*J #*flll ^>-g-€ *r & 

cf. ^s] a>^^ ji^fl ^^J^ #sHHm, #5^o]n] ( ^el^^oflEflH ^ 
4 ^ ^U^oll 3^*1 #Sfl<*l; Af-g-tbcf. ^-71 JL*tf 

#3)3 4*MH^ n 20 n]nV^ ^-71 -g-nfll- ^ 

^"§-(gelling agent)* ^ S. $1^. 

<48> AV7I ^sfl^-OS^ e|# HS}#^j$L^*fliEHi^-olnl= (lithium 

trifluoromethansulfon imide), ^fl- B.Bl-g^|<>lS(l ithium triflate), S)# 3*1 
#3. ii|HS( lithium perclorate), LiPF 6 5£^r LiBF 4 ^H-^-. 

<49> o]*)- M. ^-^o) u].^*)^ ^*H1 52 7]7fltrCf. *>7l^- ^ 

o>qcf. 

<50> (^AHl 1) 

<5i> ^€ (sublimed) %-8r ^-g- ^J^iHH *r-§-*H «9 
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^Afoj-EK^}-^ 5,000,000)1- ^~§-s}£cf. al-i:^ His. % : 

*fl • »K!cl7> 60 : 20 : 20 ^ »H]S^I 

£JL ^ ol-g-^ Ojr^-O. o)]u)^l ^£ 

l.OmAh/cnM&t}. °1# ^1 130^ e|# *HlM- tfl^o.s a>-§-^>ji 
1M LiS0 3 CF 3 , l,3-^^-#^-/^#e}^/^S.^/^^l^-A] ^1^(50/20/10/20, 3*- 

^«l)-§- A]~g-*H 3.0] ^o) ^Efl^ aflo^^. ^s.w «v^. 

<52> ol# 0.2mA/cnf^ ^ff- ^JES. 30-g-, 2.8V ^ ^ ^ 

^ £^>^ S^ffl ^Sfl f^o] ^^s>^o.d^ O.lmA/cuf^ # 

<53> (^Hl 2) 

<54> ^Alc^] lot). ^<a^7fl ^cHM: ^2:^ 6fluj^ 

0.6mA/crf°l£cK a* ^e)-a^-o]= -g-^ *j|2:*}7] ^fsfl 1-%^ 71*11 

Li 2 S^ S 8 ^- ^^l^Hl^- -g-^ MH>*1 °l-g-*M *>-§-*l^ 6M[S]S] 

Li 2 S 8 -§-^# ^lS§>^cf. ^2:^ ^q-ofl ^Ml 130/mi^ el# °lllM: 
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<55> (^Hl 3) 

<56> % #^=o)l tfl*M 10 ^«-^5.^eflo]E^ ^£^o)] ^ 

*flS=l <HN*1 ^S-tt 0.6mA/cnM&tf. BE*> #51^s|-o|t= qck^. ^ 

S*>7l ^^fl 71^)1 £^7HH Li 2 S^ S 8 -& ^l^oflBl- -§-<3 ^-JHH # 

^o. oj-g-^ ^-s-^i^ 6m [s]si Li 2 s 8 -g- *«)-§• ^sna**. <#^i ^f- 
$\ #*n^ Ej-<y°i ^^-o] ^]<hs]^ «va 

&^s}55li=k s££r 1^ S^O-S. T5>^ 

3*1 ^* ^7>*>^cf. 
<57> C'gAH] 4) 

<58> c]«|£tgl]olE : £^7fl : w>o]c^l- 1 : 1 : 1 * 

# ^^>7l ^*fl 71^1 ^7lofl^ Li 2 S^ S 8 ^- T=H^Hm -8-^ MH1 

*\ °l-g-^H 6M [S]S] Li 2 S 8 -g-^-l: *H^>$m. *fl2^ <£^. 

<>)H a^^H *Hd*V5ai=K ^*H1 1^ ^-^^ s^iiis. 
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<59> i) 

<60> %°} 50/zm4 A}~g-^- 3^ ^Sjsfjl^ #71 ^Alc^l 14 

711 ^1*>5S4. ofl4*j 0.9mAh/cnM&4. o]* 130 

jcan^l 3* tfl^-o.S 4-§-^ ^sflofl^. im LiS0 3 CF 3 , l,3-4^-#£/4# 

^/^i^/^^l^l ^1^(50/20/10/20, ^4«1)^§: a>-8-*M S o] #44 ^ 
5 ^°1 ^H3^r ^S*. wvx uflofl^ #4-& ^«o>€ 

^Hl 12f ^-Q]^ *H 3*1 ^7H>^^. 

<61> ^-7] ^A]^ 1 44 4^ Wlmofl 14 1, 10, 30 ^ 504 A>o] -s-nfl 2} -g-*£-§- 
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